Rapid urbanization is a major source of environmental risk in soil. In this study, we developed a method for the ecological risk assessment in rapid urbanization area, which was set up based on potential ecological risk assessment and risk regionalization. The 10 heavy metals were extracted from the Soil Baseline Study of Tianjin, and the four risk levels were built according to the adjusted valuation criteria in the method. The results showed that the level of ecological risk was closely related to the degree of Soil pollution in in Rapid Urbanization Area.
INTRODUCTION
Soil contamination has caused considerable concern in international and domestic communities because of the significant risk on land security, food security, and human health [1] [2] . In China, progress in industrialization and modernization over the past decades has resulted in urban sprawl of core cities and development of emerging towns. This phenomenon has led to the changes in land use patterns and industrial structure and deterioration of the ecological environment in newly urbanized areas. Related studies [3] and the National Soil Pollution Survey Bulletin [4] [5] have shown that more than 10 million ha of land in China is being threatened by soil contamination. Accordingly, rapid urbanization area has complex land-use distribution and have been threatened by a wide variety of soil contaminants and pollution sources. Hence, proper risk assessment based on risk regionalization is essential for the understanding and management of soil environmental risk [6] .
Based on previous studies, this study was performed to develop an ecological risk evaluation method of the soil environmental risk level in rapid urbanization area based on soil environmental risk assessment and investigation of polluting enterprises.
METHODOLOGY

Risk Regionalization
Risk regionalization is an intuitive and effective method to show the risk distribution and strength of the study area. Spatial and comprehensive analyses of soil environment risks can be implemented from risk regionalization. In this study, risk regionalization of potential ecological risk of soil risk receptors is developed to guide the functional zoning of contaminated soil environment and identify the primary areas of soil contamination management. Interpolation techniques, such as inverse distance weighting (IDW), ordinary Kriging, and radial basis functions are extensively used in soil investigations and contamination mapping.
Ecological Risk Assessment
Rapid urbanization area is mostly located in mineral-rich regions, with high background values of metal elements. Ecological risk in these areas is strongly affected by human factors because of the high industrial and mining activities [7] [8] . Contents, ecological effects, environmental effects, toxicology, and element background values of heavy metals should be considered for evaluating the ecological risk of rapid urbanization area. Accordingly, the Potential Ecological Risk Index (RI) method developed by Hakanson [9] was used in this study. Hakanson proposed Potential Ecological RI based on the nature and environmental behaviour of heavy metals to determine the degree of pollution of heavy metals in soil or sediment. The calculations are as follows:
While E i is the ecological risk factor of single heavy metal contaminants in this study, RI is the monomial index of potential ecological risk, T i is the toxicity factor of the heavy metal, C i is the practical concentration of the metal in soil, and B i is the background concentration of the heavy metal. Ten heavy metals, namely, As, Cd, Cr, Co, Cu, Pb, Ni, V, Zn, and Hg, were considered. T i can be found in the results provided by Hakanson [9] and Wang et al [10] . B i values for the 10 heavy metals were extracted from the Soil Baseline Study of Tianjin issued by Tianjin Environmental Monitoring Centre [11] and relative studies [12] [13] . The T i and B i values are listed in Table I . The adjusted valuation criteria for E i are as follows: E i ≤ 40, low risk; 40 < E i ≤ 80, moderate risk; 80< E i ≤ 160, high risk; and E i > 160, extreme risk. The valuation criteria for potential ecological risk value RI are as follows: RI ≤ 150, low risk; 150< RI≤300, moderate risk; 300 < RI≤ 600, high risk; and RI> 600, extreme risk.
Study Area
The selected study area is a typical rapid urbanization area in Binhai New Area, located southeast of Tianjin, China. The scope of the study area mainly includes the southern region of Binhai New Area. The study area spans a total land area of approximately 1200 km2 and experiences a warm, temperate, and semi-humid continental monsoon climate. The average annual temperature and precipitation levels in this area are 14 °C and 600 mm, respectively.
The ecological environment in this area is extremely sensitive and fragile because it is located along the river, sea, and land border zones. The residential and industrial regions in the study area are also distributed unevenly. Therefore, humans significantly influence heavy metal contamination of the soil in this area. Previous studies [13] reported that heavy metals contaminate large portions of the study area and its vicinities. Specifically, rivers, farmlands, and coastal waters are polluted to varying extents by heavy metals because of the discharge of pollutants into water bodies over long periods.
Sampling And Analysis
Soil samples were collected from the study area in 2013. The systematic random grid sampling method determined 46 census points that were distributed according to soil type, topographic characteristics, and distribution of contamination sources through a grid laying method. Approximately 68 encrypted points were also distributed in densely mined areas and areas with industrial activity to fully reflect the effect of highly aggregated mining industries on the soil environmental quality in typical rapid urbanization areas. Figure 1 shows the spatial distribution of the sampling points and the sketch map of the location of the main industrial zones in the study area. Eight common heavy metals were selected as monitoring targets, namely, As, Cd, Cr, Cu, Ni, Pb, Zn, and Hg. The other monitoring targets included Co and V, which are common pollutants associated with the mining industry. 
POTENTIAL ECOLOGICAL RISK
An overview of ecological risk factors ( ) of the 10 heavy metal contaminants is shown in Table 2 . The results of all sampling points revealed that, among the 114 sampling points, the potential ecological risk of six heavy metals, including Cr, Co, Cu, Pb, V, and Zn, was low, indicating that the sampling points of the six heavy metal contaminants were at low pollution risk level. Moreover, Cd was the metal element that exhibited the most serious harm to the ecological environment. Compared with most of the sampling points (96 sampling points, 84.21% of the total), the ecological risk of cadmium reached high and extreme levels; only two sampling points (1.75% of the total) showed low risk status. This result indicates that the potential ecological risk contribution of Cd to the study area was prominent. The overall level of the potential ecological risk of as was in low risk status; however, the proportion of the sample points whose risk level was moderate and above risk level was 13.16% (15 sampling points), indicating an increasing trend of ecological risk. For Ni and Hg, small parts of the sampling points showed moderate or high ecological risk.
The potential ecological risk of all 10 heavy metals, namely, the value of RI for all 114 sampling points, was calculated using the Hakanson method. The results showed that the maximum of RI in all 114 sampling points was 1437.37, and four sampling points had RI exceeding 600, indicating extreme risk level. Moreover, the mean value of RI was 227.17, which was in moderate risk level.
Based on the results of the RI value, the spatial distribution of potential ecological risk in the study area is shown in Figures 2 (A and B) using ordinary Kriging interpolation method. In Figure 2 -A, the risk regionalization results of the RI value were classified according to geometric interval, which can reflect the spatial trend of the potential ecological risks in the study area. Figure 2 -B visually shows the potential ecological risk regionalization and classification results of the study area. The high-risk areas in Figure 2 -B are mainly concentrated in the northeast and the southwest regions of the study area. The potential ecological risk of the southern region of the study area was low, while most regions of the study area were at moderate risk. However, Figure 3 -A revealed that the RI values of large areas located in the northwest, north, and east of the study area were relatively high (RI values between 250 and 300). Although these areas were still in a moderate risk level, the potential ecological risk level reached a state of alert. 
CONCLUSIONS
As the paper above pointed out, the industrial zones and development areas are mainly located in the north-eastern and eastern parts of this region. Figure 2 -B shows that the high-risk area in the north-eastern region of the study area substantially coincided with the industrial zones, but the high-risk area in the southwestern of the study area did not. Figure 2 -A also revealed that the overall potential ecological risk level was even higher in large tracts of farmland in the western region of the study area than those of the north-eastern. The prevailing wind direction in the study area is southwest wind, which influences spatial distribution of soil pollutants. In addition, relevant studies also indicated that atmospheric deposition is an important pollution source of heavy metals, especially Cd and As, which made large contribution to the potential ecological risk in the study area. Thus, the distribution of high risk in the southwestern region confirmed the above statement.
Using the assessment method, the intensity level and spatial distribution of ecological risk in rapid urbanization areas can be performed. The distribution of ecological risk of a typical rapid urbanization area, which can be divided into four different risk levels, from low risk areas to extreme risk areas, is presented in this study. The ecological risk status of soil environments in the study area can be observed. Future studies can focus on the scope of the risk of industrial pollution sources and the method system to establish the risk field to achieve an ecological evaluation of the risk level of a plurality of industrial pollution sources.
